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PREFACE

In. June, 1969, I was contacted by Dr. Robert Baker, Assistant -
professor of" Systems. Engineering at The University of Arizona, concerning
'the deveiopment.andviﬁplementation of an information retrieval system
for the Office of Arid Lands Studies. This proposed system afforded
an excellent opportunity to apply systems engineering techniques in fhe
'field,of.IﬁfOrmation:Science. There have been relatively few applications
of this nature and I was pleaéed to have been afforded the opportunity
to work én.this-project. This paper contains the work‘performed in
developing the: CANED. System.

Thg.applications of systéms engineering presented herein are
by no means complete. Further aréas warranting continued research are
ﬁl) the evaluation of the performance of fhe CANED System and (2) the
development of an expanded system, incorxporating the six arid lands
research. centers of the western United States into a cooperative
information network.“

I. should like to thank Capt. Thomas Canavan, USAF, for his
invaluable help with the writing of the computer programs,.Df. Robert
~Bakeranleatric.ia Paylore for their advice and guidance, the two

members of my committee, Dr. Wymore and Professor Perry, and my wife,

Vickie, for her unfailing moral support.
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ABSTRACT

‘This paper discusses the design procedure employed in the
‘devélbpmént of the CANED Information Retrieval System for the Office
of.Arid Lands Studies of The University of Arizona. This procedure
involved the application of sYstems engineexring techniques to design
methoddlogy, utilizing a model proﬁosed by the Comparative Systems
Laboratory at Western Reserve University which incorporates fhe basic
components of an information retrieval system as arguideline. Chapter I
déScribeé the steps comprising the design process of an information
system. Chapter II proVidesba survey of current literature in the field
of’ infoxmation science. In Cha@ter IIT, the actual development of the
CANED. System is treated, and,Chapﬁer IV discusses the posgible future

developments of the system.
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CHAPTER I

THE ESTABLISHMENT OF A DESIGN PROCEDURE

Introduction

Ralph Shaw (109) has questioned the value of most -automated
information retrieval systems. He stated that " . . . the claim that
machine: seaxrch is 'above all cheaper' could make sense only if we were
paying: librarians and other bibliographers about $2000 an hour."
Continuing, he implied that no one is able ".. . . to name a single
application of the computer to information retrieval for which it éan
ke shown that the computer is currently accomplishing anything of sig-
nificance that cannot be done faster and more cheaply by hand.” He
is perhaps a bit over zealous, but he does raise some very valid
questions- concerning the appfopriateness,.in many-cases,.of automated
retrieval systems. Historically, autoﬁated retrieval systems have
been . désigned for very large data bases and are, necessarily, extremely
 s¢phistigated and costly. The cost of many of these large systems

can be: met due to their extensive use. Unfortunately, there’are
.systems-operating where the user's needs are not as sophisticated as

the software employed. These systems have a verxry difficult,timeA
justifying their operational.costs. For the extremely large library
reguiring a very costly.and sophisticated retrieval system, Mr. Shaw

may be right when he says that " . ; . we should be putting maséive
effort iﬁto the development of a science upon which a better information-

A

technology may be built."
, 5 1
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But.what of the application of an automatea information retrieval
system for a small library of say 50,000 to 75,000 documents? This
paper discusses the»steps.in the degign of an automated retrieval
system to be~ﬁsed'with the émall technical library. Utilizihg the
random acce§S‘capability of a third generation computer, this info;ma—
tion system would‘fulfill the usger's needs, yetbremain inexpensive

enough to jUStify'its existence.

Systems Engineering-

The complex. nature of information systéms creates a challenge
for their designfand.éfaluation. A number of authors, including Fasana
6356.)‘. , Goodman.,. e’;" al. (43), Kilgour (65), Kraft (70), Moore (88), and
Stevenson.(IIZ),ﬂhave'advocated.adopting systems engineering techniqueé
to cope. with problems of design and evaluation of information systems.
The systems engineering method.of problem solvirig, ozlc systems approach,
involves the realization that factoring out part of a problem by
neglecting the interactions among its sub-systems and elements increases
the probability that a solution to the design problem will not be
found. The application of the systems approach requires that the
gsystem be planned and designed as an entity in ofder to satisfy the
needs of the user. Each element of the system must be planned and
designed by’exélicitly considéfing its interrelatiqnships with the
other eiements of the system, and by evaluating and optimizing its
cost and benefit.as part of the total system's' cost and benefit.

Kline and»Lifson (69) list three primary considerations that must be

included in the design of an effective éystem;



1) The system attributes that represent fulfillment
of needs and objéctiveSm—i.e., the design criteria--—
must. be identified and described. In general, . '
there are three primary classes of criteria:

(a) effectiveness (benefit) criteria, represent-~
ing measures of needs fulfillment; (b) resource
criteria, representing costs associated with

Ievels of effectiveness; and (¢} schedule criteria,
representing the time when the system is to be
reqguired. ‘

2) The relative importance of each of the design
criteria to achievement of program objectives
must. be evaluated, and weighting relationships
among the criteria must be defined.

3) The constraints imposed on the system by its
environment must be identified and described.

Saul Herxrner (49) has stated that modern information systems
and their associated concepts have been very much misused. He concludes

thatvthe reason e oo« 18 primarily due to the fact that'inforﬁation
retrieval systems have not been designed by people actively involved in
the operation. and management of library and information programs, but
rather, by computer systems specialists, who often try to mold or
adjust information program requirements to make them conform to the
capabilities of existing hardware of previously designed systems."”

In considering the design of an information retrieval system, the
systems engineer must realize that both the Computer Systems and Library
Science fields are highly specialized. Often a person working in such
a specialized area will not fully appreciate the problems encountered

in other fields. Therefore, an effective information retrieval system

should not be designed by a person who is a specialist in either of
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thése fields. As Dr;.A,~Wayne Wymore, Head of the Systems Engineering
Department at‘therniVersity'of Arizona, points out, a transistor
cannot be expected to design the ciréuit.of which it is avpaft.

The. place to start: any meaningful discussion of a system, as
appliedAtb the collection, organization, and disseﬁination of information,
is by defining the word system. Mr. Herner defines a system as
Yoo . an.ordéred}‘consisfenﬁ, predictable way of accomplishing a
desired end." inutmost'iméortance'is order and consistency in a -
system.. Order:and{consistency give rise to predictability which is
the foundation for dependability and efficient use of a system;
Consider, fcr'exampley-the;classification systems usedbto arrange books
in a library. For many yeaxrs, the Library of Congress classified
computers under'CaléulatingiMachines, completely ignoring their non- -
numerical applications.. Altliough this classification may not be
exactly correct, it is dependable, or perhaps consistently undependable
would ke more accurate, and a person could always depend on the fact
that books aﬁout‘computerS‘would e shelved with books about calculating
machines..

Mr. Herner goeg on.to state that although a system must be as
responsive as possible toithe needs of its users, " . . . it can never
be completely responsive to the interests, view points, . and contexts
of all its users; if it: were, it would not be a system but an anarchy."

Thus, the best system ig actually a compromiée and the job of the systems

engineer is to formulate the best compromise possible. In conclusion
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thenr the.désign;0£ an effective information retriéval system requires -
that thg.déSigner'be aware of the current state of the art of automated
informatiOn.systems and, much more important, be aware of what the

system. must do to satisfy the needs of the users of that system..

Components of an Information Retrieval System

Before. discussing the steps in the design of a system, the
identification. of the components comprising it should ke clearly
defined. &An information retrieval system has been defined (Saracevic
and Rees, I05) ag: "an integrated assembly qf components that interact
cooperatively to. perform a predete;mined funétion for a specific purpose."”
InAany'design.or'experimgnt_dealing With information retrieval sYstems,
it is possible tOASpecify.and,distinéuish between the purpose componenfs
(the what and why'of a system) and the function components (the how of
a system). The Comparative Systems Lakoratory at Western Reserve
University (105) Las formulated a model incorporating basic components
of retrieval systems. Thisrmodel was used in the design of the CANED
Information Retrieval System described in Chapter III. At this time,
an explanation. of the Comparative Systems Laboratory's Vmodel is

presented.



‘The components of the model relating to function and purpose
are: enumerated thus:

K.. Purpose Components
I) Type of Users
2) Subject Discipline(s)
3) File Size

B.. Function Components
1) Acguisition
2) Indexing Language
3) Coding
4) File organization:
i) Documents
ii) Document Representations
5) Question Analysis
6) Searching Procedures
7) Dissemination

The: elements within a domponent that contribute to itg operation
are referred to as factors. The purpose components can be elaborated
to illustrate the essential factors that operate within each component.

1) Type of Usexrs :

Identification of User Population
Specification of Usexr Characteristics
Establishment of the Size of User Population
Elaboration of User's Information Needs

2) Subject. Discipline (s) »

Definition of the Subject Boundariesg (Editorial Scope)

Establishment of Input Criteria (Inclusions/Exclusions)

3) File Size _
Egtablishment of Size of File to Yield Satisfactory Output

These factors are interrélated; the formulation of one influences the
formulation of others. Most important is the fact that the design
of’all.function.componentS'depends on the definition of the purpose

components.



The Comparative Systems Laboratory has identifiéd three
ciasses of factors operating within each function component of the
system: |

Vl) System Mechanics: Instruments which are incorporated into
the system during the operation of the system (i.e., man-

uals, computer programs, the sauri, etc.).

" 2) Human Factors: Characteristics of'peopie who - apply the
system mechanics.

3) System~-Human Interaction: Processes by which peopie apply
the system mechanics (i.e., acquisition, indexing, coding
"or searching).

Although each function component éan berdescribed by the three
factors given above (system mechanics, human factors, system-human
interaction) the Comparative Systems Laboratory took each function
component and each factor within a component and further broke them
down into elements as shown in Figuxe 1. it should be noted that there
are at Ieast four elements within the System-Human Interaction factor
(noted as T.E.M.I.) that operate in all function components:

1) Time Used in Performing Task

2) Environmental Conditions

3) Motiwvation of Personnel Representing an Amalgam of Personal
Motivation and Systems Policies, Rules and Adwministration

4) Interpretation by Personnel of Systems Roles and Policies
(i.e., interpretation of indexing manuals and policies.)



" When designing an information systemn, these basic elements (Figure 1)
should be considered. WNotice that not all of these elements may be
applicable to the pgrticular system undexr consideratioh, but the
engineer should be aware. that they exist and consider each factor as

being interdependent within the total structure of the system.



SYSTEM MECHANICS

A,

Acquisition

- Acqguisition Poligcy

Sources of Acqguisgition
Acquisition Procedures

Indexing Language

Source of Indexing Language
Control of Vocabulary
Vbcabﬁlary.Range'

Size of Vocabulary.

Syntax (roles & links)
Relationships Between Terms
Definitions (scope notes)
Degree of'Pre~cOOrdina£ion_
Display Format

Indexing Instructions

Indexing Policies

Figure 1:

SYSTEM HUMAN INTERACTION °

Acquisition Selection
Administration

T.E.M.I.

Indexing:
Editing
Selecﬁion of Concepts
Translation into
Indexing Language

T.E.M.I.

Elements of an Information Retrieval System

HUMAN FACTORS

Characteristics of
Acquisition Personnel

(i.e., Subject Background)

Indexer Characteristics:
Subject Background
Systems Background
Amount of Training‘
Length of Experience
Proficienc&

Personal Characteristic



SYSTEM MECHANICS

Indexing Manuals

" Source of Indexing

| SYSTEM HUMAN INTERACTTON

(i.e., Titles, Full Texts, etc.)

Coding

Representation Selected Notation

Coding Instructions

Coding Policies

Codihg Manuals,

File

Organization

Modeb
File
File

File

of Arrangement
Organization Instructions
Organization Policies

Organization Manuals

.Recording Media

Equipment for Handling of

Files.

Figure 1l: Elements

Coding:
Handling of Notation

T.E.M.I.

Organizatibn'of Files

Handling of Indexing
Information and/ér
Documents

Handling of Recording Media
and Equipment

T.E.M.I.

HUMAN FACTORS

Coder:

Char@cteris?iés of Coding

Personnel

. Characteristics of File

Organizing Personnel

of an Infbrmation‘Retrieval System (Continued)
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SYSTEM MECHANICS

E. Question Analysis

Instructions to Questioner

Method of Submitting Questions

Analysis Type

Interaction with Indexing
Language

Analysié instructions

Analysis Policies

Analysis.Manuals

Tools for Analysis

(i.e., Dictionaries)’

Figure 1:

SYSTEM HUMAN INTERACTION

User-analyst Interaction

Enumeration of Search Concepts

TrahslatiQn into Indexing
Language

T.E.M.TI.

HUMAN FACTORS

Characteristics of guestion

Analysis personnel

Elements of an Information Retrieval System (Continued)
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SYSTEM MECHANICS

F. Search Procedures

Available Logic
éearch Parameters
Relation of Question
.to Search Parameters
Search Method
Searching Equipment
Search Instructions
Search Policies

Search Manuals

Figure l:

SYSTEM HUMAN INTERACTION -

<

Selection of Search
Parameters; (i.e.,
Search Scope
Logic
‘Generality/Specificity of
. Texrms |

Grammer)

Combination of Parameters into

Search Statement
Manipulation of Files
(seaxrching)

T.E.M.I.

HUMAN FACTORS

~

Characteristics of Search

s/

Personnel

* Elements of an Information Retrieval System (Continued)

<T



SYSTEM MECHANICS SYSTEM HUMAN iNTERACTION HUMAN FACTORS

G. Dissemination

Dissemination Method Process of Dissemination ‘ Characteristics of Dissemination
Format of Output (i.e., Handling of Output, - Personnel

Dissemination Instruyctions - Reproduction .of Documegts{

Dissemination Policies\ Delivery ovautput to Users)

Dissemination Manuals T.E.M.I.

.Administratidn of Digssemination

Accompanying Explanation to
Users

Provision of Feedbaqk from

Users

€T

Pigure l: Elements of an Information Retfieval System (Continued)
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Design of an Information Retrieval System

Ey'combininé the deSign cohcepts of systems engineering and. the
infqrmatiohlsystem éémponehts desériﬁéd bynthe ComéarativeﬁSystéms
>Lab9ratd¥y( an infdrﬁétion sYsﬁem desigﬁ,ﬁ?é@é&ﬁﬁé;was established.
This proceduie was employed in tﬁénéogééruction-of the CANED Information
Retrievai System discussed in Chapter III. This Section discusses~thé
steps invovled in ﬁhis particular design Process ..

The first step should be a meeting'betweep the:system engineer
and the”manégers of thé organization that wish to imélement.sﬁch.a
system. To eétablish the need and exéectations of the system, three
questions should be answered at this time.

1) why is a system needed?
2) What is it expected to do?

3) What specific problems are expected to be
solved? )

Often, the motivation behind the deéire fo; a system is not a clear¥éut
definition of need but a desire té be in the férefront of current fashion.
Many timesvfashions change, leaving a system that resembles'a white
elephant rather than a viable working mechanism that doeé thé required
job in the best and most efficient way.

The next step would be to apply the system.cqnsiderations given
earlier. First, establish the three primary criteria of the system;
1) effectiveness;, 2) resources, and 3) schedule. Secénd, evaluate and
define the relative importanée of each_criteria since it is often the

case that they tend to contradictvone another. Third, identify the
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environmental constraints. And £inally, review these primary criteria
to ensure that they'operate_within:the.environmental constraints
imposed on the system.

Once a.tentative agreement;has been made on the design objectives,
the desiéner'should consult the probable users and operators of the
system. The managerg and computer systems people may be highly‘satis—
fied with the design and performance of an information retrieval system.
‘However, if the users and operators have not been involved'at the design
stages, the finished system will often have few applications to the
user's needs. This user study is not an attempt to get the users to
design the system. Instead}»thexstﬁdy will act as a guide in defining
the user's real needs and in determining the best available means of
meeting them.

Therefore, within. the context of the objectives and constraints
of the system and the user's immediate needs, the components of an
information retrieval system can. be: evaluated. By matching alternative
means -against each of’these.compénents, a first guess design can be
established that has a high probability of acceptance by the users
while maintaining a minimal cost.

Having defined and assembled the ?rocesses and procedures
involved in the system, the next step shoula be to put them together to
make a consistent, dependable system. One dgvice commonly used for
arranging the operations of a system is flowcharts. However, whatever

method is chosen, the arrangement.must,be examined to make sure that it
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is realiétic and complete, and that the work flows in. a logical,.-even
sequeﬁce sb.that-there is a minimum of gueuing ér'délay when. proceeding
frﬁm one p?ocess to the next. | |

The final step in the initial design shouId'be_to:impIementt'
a pilot system and thoroughly test each-stagé, At this point: it: is
inevitable that éomething has been done wrong oxr something has been-
férgottén. Afﬁer these problems have been taken- care of,. and the: system
isloperating satisfactorily, it should be evaluated.. Uhfdrtunatelyj}
the concept of evaluation in this field is even more misunderstood’
-and misrepresented than the concept of the system itself..

There are many-methods available to evaluate a system,.and'some
are more popular than othexs. However, according to Hernexr. (49),-
whichever method is chosen, there are five basic questions that must
be answered:

1) What services should the system be performlng on.behalf
of its users?

2} Is the system perfbrming all the services it should be
performing?

3) Is the gystem performing any services that it should not.
be performing? .

4) Is it performing the services it should be performing as
efficiently and economically as possible?

5) If not, what are the causes, and what can bs done to remedy
the problem or problems?

Earlier, phrases such as "user's immediate needs,”" "first.
guess design," and “system evaluation" were used. These phrases were
used because the field of information science is in a very dynamic

situation: wusers' needs change very quickly, and the state of the art
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in_qomputer‘science—isrchanging daily. Therefore, there is a need to
alter the methods of system evaluation to keep pace with the-changiﬁg
system. Thusg, any information retrieval system should be designed so
that it can be modified and. added to easily. Of céurse, system
evaluation should be a permanent part of the opera£ion of a.éystem if

that system is to continue to be a realistic, valuable user tool.



CHAPTER IT
A LITERATURE SURVEY

The literature published over the last fifteen years about
information science is considerable. With the exploding growth of
published’material in this field, as with any expandinq field, the
terminolegy has become jumbled, often contradictorxry, and at least
.confusing to the student beginning his study of informétion science.
There are two texts available, Lancaster (72) and Artandi (4) ; which .
serve,as-adequate introduction to current terminology and concepts.
There is also a comprehensive review published yearly by Cuadfa
(22, 23, 24) in which current develqpments ana trends are presented.
This.chapter discusses the literafure available in»fouf areas of
information retrieval:

I) Degign of Information Retrieval Systems

~ 2) Subject Indexing, Indexing Terms, and Controlled Vocabﬁlaries
3) Search Files and Searching Mechanisns |

4) Systems'Performahce and Evaluation

Design of Information Retrieval Systéms

'‘Harold Borko (10) has published'an article concerned with the
current developments in the design of information retrieval systems.

He organized the available literature into the folldwing}four catagories:

18
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I) Articles- that help define the process of systems analysis

and its relationship to information science.

2). Articles: that describe the concepts of systems analysis as
applied to: the.analysis and design of information systems.

'3) Articles primarily concerned with the design of document
storage. and retrieval systems. - :

4) Articles of narrower scope dealing with the design process
as. applied to subsystems. o

In. defining the. process of systems analysis and its
relationship to information science, three government agencies are
sponsoring research:- the Information Science Directorate of the
Air Forcae Qffice of Scientific Research (AFOSR) , the Information
Systems Branch. of the. Office of Naval Research (ONR), and the National
Science Foundation. (NSF). Each agency has reported the results of their
. regpective projects- in.the following publications:

I} Information Sciences, 1965, by Swanson (113) -- a composite
of ten studies published by AFOSR. )

2) Information Systems. Summaries, by Wilcox (125) -- published
by ONR. ]

3) Current Research and Development in Scientific Documentation,

No. 14 -- published by NSF (90).

The concepts: of systems analysis as applied to the design of
information. systems: is discussed by Kent {(63). He devotes a chapter to
the problem of.specifying.a,critérion by which the effectiveness of
a retrieval system can.be calculated. He lists four-baéic féctors to -
be considered in. designing and evaluating systems:

1) Objectives:. the overall purpose, of the system.

© 2) Functions: major classes of actions ox performance required
to achieve the objectives.
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3) Performance Requirements: specific dimensions of required
actions, with a statement of the standard or required level

of performance for each.

4) Environmental Variableg: properties of the environment'that
_affect the system and its performance.

Many of the éxticles on system design are written in a popular
rather than. a technical style. They are usually aiﬁed at introducing
management. to systems analysis concepts (i.e., Dearden énd McFarlan, 27;
MeDonough, 84; Prince, 98; Optﬁer, 93; and Quade, 99). TFor example,
in. viewing. systems analysis as a management tool, Optner (93) lists
seven. steps’ to: be used iﬂ problem solving;

1) The. problem process must be flowcharted, showing the
principal decision points.

2). Details of the principal decision process steps must be
described.

3} The principal alternatives and how they were generated must
be. fully stated.

4) The.assumptions pertinent to each alternative must be
identified.

5) The: criteria by which each alternative will be judged
must. be fully stated.

6) Detailed presentation of data, data relationships, and
procedural steps by which data were evaluated must be

part of any solution.

"7) The major alternative solutions, and details to explain why
other solutions were eliminated, must be shown.

These steps are compatible with Quade's (99) view of syStems analysis
as & process " ... . to help a decision maker identify a preferred

course of. action from among possible alternatives."
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Material on systems analysis as an engineering pro¢edure is
wéll-cavered'by'CorriganAand Kaufman (2;), Wilson and Wilson (127), and
Swanson (114). A procedure presented by Corrigan and Kaufman (21)
réquires that: (a) mission objectives and constraints be evaluated,

(b) functional flowcharts be prepared, and (¢) allocation of sgpecific
functions to the man-machine elements operating within the specified

' cpnstraints and satisfying the mission objectives be made. 1In reference
to (¢) above, a discussion of .some of the strategies employed in deciding
whiich system functions should be done by man and which by machine are
digcussed. by Chapanis.(l6)‘iﬁ an article titled "On the Allocation of
Functions Between. Men and Machines." -

The design of’dbéument storage and retfieval systems has-ﬁeen
discussed by such men. as Boxko (9), Becker and Hayes (7), and Mayer_(82).
Figure 2 represents a "scheme for a general model of a document storage
and retrieval system" as envisioned by Taulbee (120). This model
blocks out the functions of acquigition and data collection, files,
searching, and evaluation. It also identifies a set of functions that
are expected to be performed by the machine in fully automated sfstems.

At thé 1966 American Documentation Institute convention, one of
the disucssion groups- addressed the problem of how an information
system should be defined. Ronéld Wyllys prepared an informal report
(128) of the discussion which dealt withlsome of the basic steps in
system design. The major contribution té come from this group waé a

listing of the major mistakes frequently made in designing systems. -
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1)

User k“-——"—'——"

Scheme for a General Model, Taulbee

Failing to plan adequately and being overly optimistic

with respect to costs, products, and schedules.

2)

Failing to recognize changes in the system's goals and

characteristics that are necessitated by changes in the
system's environment during the course of the design and
implementation process.

3)

Failing to keep the user involved and informed on the

changes that are made in the design of the system.

4)

Failing to design the system to accomodate cost analysis

data as a prerequisite for evaluation of performance.
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. The litexature. reporting 6n various activitiesg in‘the design
process;dffsystem»c§mponents has been  broken .into five areas by
Borko‘(ldj:s
1), System objectivesgs and user needs.
'23-Meth6dsvof5document analysis and vocabulary control.
- 3) File: organigzation and maintenance.

4). Onflineurétrieval, digplay, and transmission.

The. areas af?dbéument:analysis and vocabulary control, file organizaﬁion
and maintenance;,. and’ evaluation are covered later in this chapter.

It has: become appafent that studies of user's needs are a
very‘valuable,toollto.the system designexr if he is to decide, with any
accuracy, the needs: for a. particular informatioh system and ekactly
what‘that;systémﬂWiilhbe.expected to do. Such men as Liston “(79),
Di,BeIIQ:(ZS)‘offthé.Sea—Launched Information Analysis Center; and
Dye, et. al. (32) ofthe Air Force Dynamics Laboratory have illustrated
h§W'important uger studies are in the design process. Saul and Mafy
Herner (50) have produced a review of the user studies employed by
various organizations during the design of information retrieval
systems.. -They'point:out seven rather surprising facts about these
studies::

1) There have. been relatively few techniques used.

2) There is: diversity and ambiguity of language in the discussions
‘of the techniques that have been used and their results.

3). There: is:a large diversity of users to which these few
~ techniques have been applied.

4) There is a lack of innovation.
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5) There is a failure to build on past gains.
63'There;isuazfailure to profit from past mistakes. -

7) Thexe is: frequently an absence of rigorous experimental
designs. ' :

The- value. of on~line. retrieval systems was recognized a few
years: ago. (Licklider, 77), but very few installations had the required
tfméz;—shared:l.computer'_'falcilities° At that time Kessler (64) and Salton (162)
Were;able.to;use:the9MmI:T; facilities and did design on-line systems. . |
Now that: time-shared.machines are more readily-availéble, many on-line
systems, such  as: CONVERSE™ (Drew; et al., 29), DOCUS (Informatics, 54),
BOLD (Broko and. Burnaugh, 11), MICRO (Smith, 110), AESOP.kSpiegel, et al.,
1Y), MOLDSZ(Alldefige-and'Knoke, 1), and a éystem at I.B.M. Poughkeepsie
" (Holzbaur. and Farris, 51) arxe being désigned, Unfortunately, although.
descriptive reports  on these systems are available, no literature is
presented‘discussing the design methodology that was used in justifying
the use of on-line versﬁs batch~processing retrieval systems. -Borko (10)
IiStS»five questions that need to be examined in some depth about
on—-line  systems:

1) What user requirements can be better solved by an on-line
sy stem? :

2) Can an on-line system use the same vocabulary organization
and control . techniques that manual and batch-processing
storage and retrieval systems use?

3) Do on~line systems require a different file structure,
and if so, how are these files to be organized?
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4). since on-line systems make use of interactive displays and
data transmission facilities,. what equipment should be used,
and on what basis should this decision be made? '

5) Does the evaluation of an on-line system require the use of

techniques different from those appropriate for manual and
batch-processing systems?

Subject Indexing, Indexing Terms, and Controlled Vocabularies

Basic to tbe problem of refrieving information from a store is
fheeprocess of matching a stated need agéinst some kind of label that
indicates:what information is contained within a document or other
Iinformation carrying vehicle.l Creating such labels involves.analyzing
the: text.containing the information and formatting the results of
this: analysis in an ‘indexing language of some kind. The activity of
generation and céﬁtrol of the_indexing languagé chosen for a system
iésalSO'necessary. Although there is no one text that completely
coﬁérS'the.area of indexing and vocabularies, Kent's Textbook on

Mechanized Information Retrieval (63), Machine Literature Searching by

Perry et al. (96), andvthe three volumes of the Cranfeld Report by
Clévefdon et al. (17, 18, 19) providera soupd basis from which a
person interested in this area should begin his research. Some
excellent  reviews of the material available on indexing are provided
by Sharp (107); Taulbee (119), and Baxendale (6). The theoretical
concepts  of indexing are covered by such men as Bérneé (5) and Oliver
etta;;.(92). Surveys of various typés of indexing precepts and

indéexing languages appear in works by Coates (20) and Ullman (122).
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A text by Perry and Kent (95), in which the use of links and roles.in
~indexing is developed, discusses applications of indexing techniqﬁes.
The performance of indéxing systems is discussed by Cat#ley et al.
(14) and Katter (60).

Vocabulary control is an integral part of indexing and indexing
languages. There have.beenrafticles published concérning the definition
and operation of an index language thesaurus by such people as Sharp
(108) and Heald (47). The most informative papers on the effects of
different types of vocabulary controls are included in a study by.
Williams (126). He discusses the five different approaches to Voéabulary
control: |

1) Free~w6rd vocabularies.

2) Selected ox controlled wvocabularies.

3) Generic vocabularies.

4) Coded vocabularies.

5) Classification éhd subject heading vocabularies.

Tanning (117) describes the effect of introducing a controlled vocabulary
on the indexing and searching operations of a document retrieval system
at the Air Force Materials Laboratory.

Most of the work done in thé past few years on indexing and
vocabularies for automated systems has been in the area of automated
indexing. Lately there has been a disenchantment with these theories.
Currently there seems to .be some differance of opinion:among the
members of the research-commgnity. There are those who feel that

automated indexing systems can be made operational (i.e., Lesk and
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Salton,. 74; and Minsky, 87). They aéree, however; that the implementa-
tion. of automated. indexing systems will not be realized for some time.
EXponent51offthe:contraéting éiewﬁoint inclﬁdé Dreyfus (30) Lipetzr
(78),.EeviegzandfMaron (76) , énd Jones (57).

Shafp:(i07) poinﬁs out that some of the more important features
emerging;from current. research tends to show that in small-to-medium
systems, where: no.special conditions eXist, o&er—elaboration of retrieval
Ianguages and their:contrecl devices cannot be justified. Similar
findings. have. been made by others in researching small information
retrieval systems.. Cleverdon and Keen (19) found " . . . that the
'&ingle;term indéex languages are superior to any other type.” Melton
056) okserved: the lack éf effectiveneés of structuring sentences in
gsearch files. Tague's (116) work indicated that association measures
to extend a search prescription do not improve retrieval performance.
Salton and Lesk (104) proposed tﬁe general thesis that, for high
precision where. low recall is not important, sophisticated technigques
are;superfiﬁous;~ Blagden (8) concluded that links and réles serve

no useful purpose in a.large number of systems.

Search Files and Searching Mechanisms

File. organization &nd search is concerned with the structure
and operation of systems that store .and retrieve large amounts of
information. Basic concepts of file organization to facilitate

information retrieval are discussed by Casey et al. (13) in Punched

Cards: Their Applications to Science and Industry. The best text

available describing computer file organization in detail is
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- Meadow'sf(85) The Analysis of Information Systems$: A Programmer's

Tntrodiction to- Information Retrieval. Other major works include

A. Theory .for. File Organizatidn by Hgyés (46) and Information Retrieval -

"A.Critical Review edited by Schecter (106) .

The measurement of association is central to the organization
and. search of machine files. Such measurement is needed in order to
associate file records. with each other and with search requests. .This
measurement.is: usually of the match-mismatch type: . either a given file
record matches the search specification completely or it is considered
& mismatch., While this.exact match association is being used by most
systems, considerable experimental work with statistical measures of
association is in progress. As a result of this work, associative
measures have been developed sufficiently to be incorporated in some
operating file. systems. Jones and Curtice (55) have published a paper
comparing the different term association measures. Salton (103, p. 621)
provides experimenfal evidence of the usefulness of associative tech-
niques:

Specifically, the procedures based on synonym recogni-

tion, weighted content identifiers, cosine correlation

to match documents and search requests, and document

abstract processing are always more effective than

methods using simple word stem matches (without

synonym detection), nonweighted terms, correlation

terms based only on the number of matching terms, and

analysis procedures which consider only the titles of

the documents being examined.

Research in this area is being continued by such people as Jones, et al.

(56) , Brxyant, et al. (12), and Ahderson, et al. (3).
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Associafed with file searching is the current research in.natural
laﬁguage’requests; Work is being performed on systems that can tranélate
* a user's natural language fequéstvinto thé s£ructure required for the-
" seaxch system,' Kellogg (61, 62) and Cautin (15) are working on these
systems. Kellogg's system, CONVERSE, is being constructed at System
‘Development Corporation under the time-sharing system implemented on
the IBM Q-32. Easy English, as reported by Cautin, is being developed
at the More School of Electrical Enginéering.
The grouping of records within a search file is very important.
To facilitate retrieval, it is desirable to group reco;ds that have the
. same or related.con.ten,t° Where the content of a record is idenfified .
by assigned index terms, a common method of grouping the reéords is to
» listAthem undef each assigned.index term (inverted file) . Zunde, et al.
(129) defined the distribution of index terms assigned to documents to
maxiﬁize informatibh transmiséion.' From this, it was possible to compute
the desirable number of records to which a term is assigned as a function
of the average nuﬁber'of records assigned per term for the entire file.
'Beyond the grouping of records that have individual index terms in
common, it is possible to group records based on an evaluation of
general similarity. Grouping records by a technique known as clumping
is being studied at the Cambridge Language Research -Unit. Jones and
Jackson (58, 59) have reported on the éurrent status of the unit's
investigations. Ide, et al. (53), and Grauer and Messier (44) havev
reported on the current status of the clusﬁering technique undér
investigation at Cornell. Another method of grouping is called'the

citation appraoch based upon the processing of "citing/cited by"
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relations that océur. between records in a file. :Levien and Maron (75)
have developed this apprééch enabling avsystem to observe relations
thatEexist between records in the file and to derive information not
explicitly contained in the file.

Cﬁrrent literature concerned with file structure reflects two
’major‘résearch areas. One in the development of more general, and more
complex; file structures. The other is the analysis of the effect of
stfucture on access.time. Most of the current structure development
involves variations of a structure in which each logical record contains
the iﬂformation needed to generate the address of the next lo§i0a1
record linked to it. such structures have been referred to as‘structured
files; threaded-list files,-mult£~list‘files, etc; Gray (45) provides-
a valuable review of the manfrlist—structure approaches that have been
designed. A number'of specific list-linking techniques have been
puhlished recently. Gabrini (39) reports on an application.of multi-~

list files to the project TIP file of Physical Review articles. Ross

(iOl) describes the AED free storage package used on the AED-l compiler
system.

Several recent papers have been concerned with the quantitative
effect of the file structure on the expected average access time to
obtain recoxrds from the file. Lowe (80) has written a doctoral disserta-
tion. in which he characterizes the average accéss time in terms of
the number of index: terms per physical record that can be obtéined in

an inverted file organization, as opposed to a linked-list structure.
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Leimkuhler  (73) takes a: different approach. He considers the probability
of use: of the: logical records and organizes the file into zones of

roughly equivalent.probabilities to minimize access time.

Systems Performance and. Evaluation

At. the 1968 American Documentation Institute convention,

.y

Murdbck.and'ﬁiéton:(89) pointed out that the most important measures of
systemsvevaluation may. be categoriéed by three méasures: ~cost, perform-
ancey-ahdibenefitsy and their interrelationships. Cost, although the -
mostdcbvious_measure;tofconsider in evalﬁating a system; appears to be
the hardest to obtain. Fasana (36) suggests that most‘" . e . librarians
are—frighteﬁedfby‘costs associated with automationvand, further, that
many‘Iibrarians:dé‘not‘know or do not want té know the costs of tﬁeir
present systems.” Easana;s statement may be ggnerally true, but there
are a few exceptions. The ongoing evaluation of a large operating
sysﬁem, MEDLARS, has been reported by Cummings (26). Freeman {38)
presented a cost analysis - of wvarious activities of the information
systems used at Science Information Exchange.  Several papers have been
written. on computer and programming costs that may be of value to a
system designer and evaluator; they include articles by Erickson (34),
Easaﬁa and Fall (37), Marron and Snydelman (8l), Nelson (91), and
Weinwurm (123).

The principle: measures of system -performance include such things
as speed, acéuracy, gquality, and extent of coverage. As King (66) |
points out, " .. . . the single most controversial issue-in system

evaluation 1s the matter of relevance." ' Rees and Schultz (100) define
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felevance as a relationship between system responses:and an expressionrof
the user's request; on the other hand, Cuadra and Katter (25) define -
-relevance as a relationship between a document and a user’s;iﬁformatiqn
requirement statement. In a paper.discﬁssing the fundamental conSideré—

- tions of relevance in-dbcument selection, Perry (94) suggests that there
are two typeé of relevahce: "(1) relevan¢el, i.e., the relevanpe Qf.a
selected document to a library client who may find it more. or less

useful for some purpose, in particular making a decision of any one or
many kinds and (ii) relevance,, i;e., the relevance of an index'enﬁry,~
classification heading or the like to the sgbject contents of a document.”
To c¢larify the concept. of. relevance, it‘becomes necessary to standardize
the terminolegy. One. common method, closely related to the two types of
relevance presented by Perry,-is to define the terms User Relevance
Judgment and System Relevance Response. User Relevance Judgment (URJ)
is the user's assessment of the degree of releéevance; System Relevance
Résponse (SRR) is the system's assessed degree of relevance. Clearly,
one system objective is for SRR to correspond to URJ. A system's per~-
formance can be described by the relationship between URJ and SRR.

Even though the System Relevance Respohse may be multivalued, an.operating
system usually inccrporatés a decision point, Ds. Documents judged

to be above the value of Ds in relevance are selected for retrieval;
those below are not retrieved. Likewise, users apply a corresponding
decision point, Du, where retrieved doucmentsveither-fa;l abdvé this
point and are considered relevant or fall bélow and are deemed unuéable.
Figure 3 incorporates URJ, SRR, Du, and Ds in describing what occurs

when an information request is directed at a data base. The documents



within the base will be separated into four catagories (Xl

and X22). Xll
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127 %217

represents the number of documents in the system considered

relevant by both the System Relevance Response and the User Relevance

Judgment, and so on.

Relevant
System
Relevance DS
Response

Not Relevant

Total

Figure 3.

User Relevance Judgment

Relevant DU Not Relevant Total
Xll X12 Xl'
X X X .
21 22 2
X X X
ol ‘2 .

Judgments and System Relevance Response

Retrieval Profile with Dichotomous Values of User Relevance

Using a scheme as described in Figure 3, correlation measures

may be used to describe accuracy.

Pollock (97) discusses several

correlation measure that may be applied, including rank order, Kendall's

tau, Spearman's rho, and Salton's normalized measures.

Searches are

often made by inspecting documents sequentially by order of relevance

response values.

This technique can be visualized by starting the

decision point Ds at the top of the System Relevance Response scale and

lowering it to the bottom of the scale.

SRR values by ranking documents in a prescribed manner.

Giuliano and Jones (40) assign

To measure

search performance, they plot number of relevant documents retrieved
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(Xll) against their ranked valﬁed for all values of Ds. A similar
operation was performed by Altmann- (2) and King and Isakov (6é) in
which Systém Relevance Response values corresponded to_éequential levels
of breadth found by searching in a coordinate index system. The total
numbexr of documents retrieved (Xl.)‘ was plotted against the. recall ratio
(Xll/X-l) to obtain a gross cost ﬁo performance relationship. Cost was
identified'with total retrieval and ?erformancé with.récall:ratios.-
Wiederkehr (124) plots (a) the number of‘relevant documentS'rétrie§ed'
-(Xll) as a function of the number of documents retrieved (Xl_) and (b)
recall :atio (Xll/X_l) against fraction of documents retrieved by the
system (Xl./X ). Swgts (115) plots the distributioinn of the documents
found to the left 5f Du (relevant documents) and the distributionrof the
documents found to the right of Du (nqn—relevant documents) against the
relevance response scale as shown in Figure 4. The areas to the left of
Ds are the probability of retrieving a document, given that it is
relevant, P(R/xr), and the probability of retrieving a document, given
that‘it is not relevant, P(R/r). He then plots P(R/xr) versus P(R/T) for
various values of Ds and refers to this relationship as the operating
characteristic curve that he sets forth as a measure of performance.
Recall (Xll/X;l, and precisiog (Xll/Xl~) ratios are the primary
accuracy measures currently being used. Thesé measures have come under
considerable criticism by such men as Fairthorne (35), McCarn and Stein
(83) , and Tukey (121). King suggests that recall and precision ratios-

should be used primarily to highlight the fact that a system is not
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High relevant Low relevant
docunments documents

(user) \\\\t (user)

High degree
of relevance

Low degree
of relevance

System Relevance Response
Figure 4. Distribution of High Relevant Documents (to the Left of Dg)

and Low Relevant Documents (to the Right of D.) from User Relevance
Judgments Plotted Against the System Relevanceé Response Scale

performing satisfactorily. When it is determined that a system is not
operating satisfactory, further analysis must be performed to determine
why. Studies by Hooper (52), King (67), Lancaster (71), McCarn and
Stein (83), and Taulbee (118) emphasize failure analysis to determine
the extent to which failures (X21 and Xlz) are attributable to incorrect
gquery formulation, indexing errors, mechanical errors, incorrect
screening, etc.

A measure of the benefit of a system is much more difficult to
define than its cost or performance. Dugger and Klinger (3l) attempted
to determine (by questionnaire) the value of information received from

a system in terms of dollars or man-hours saved. Emery (33) suggests

that information has value to the extent that it contributes to the
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achievement of an organization's goals. He defines "utility" as a
single index.ofién organization's.well—being and notes that information
must lead to. an increase in utility; He points out that this value
depends onisystemrperforﬁance. Goffman and Newill (41) also propose a
utility funétion on an empirical basis. A utilitnyunction based on

theoretical grounds has been déveloped by Good (42).



- CHAPTER TIX
DEVELOPMENT OF THE CANED INFORMATION RETRIEVAL SYSTEM.

The CANED System

Under National Science Foundation_Graqt.Nbu GN-73%5,. the: Office
of Arid Lands Studies of The University of Arizona has undertaken to:
develop and implement an information storage and retrievélnsystem to be
'.applied to its substantial arid-lands bibliographical reéource, as Weli.
as to provide for the future growth of this resource. In partial
fulfillment of this objective, the CANED Infbrmation.Retxieval.System
hasAbeen developed and is now in limited experimental use by the Office
of Arid Landg Studies. It is arﬁigh;speed, random access. system
utilizing the University of Arizéﬁa's Control -Data Corxporation 6400
Computer.

" The CANED System stores bibliographical information (author,
déte.of publication, publishe:, and title), abstract, and key-words for
each document in the arid-lands data base. Retrieval is accomplished
. on four categories: author, date of publication, publisher, and key
words. The use of the Boolean Functions, "AND," "OR," and "NOT,"
allow for combinations of these four categories to be used in making

up requests for information. In conjunction with the information

37
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retrieval system, & cross-reference index of key words is provided.
This index provides a listing: of all key words and their associated

terms that have-tb do. with. arid.lands material.

The Initial Study

The. first step in.the désign process of thé CANED.system was a-.
meeting With,MiSS'EatriciaiPayibre, Research Associate with the Office
of Arid Lands Studies. The purpose of this meeting was to establish
(a) why an information retrieval system was needed, (b) whatvit was
expected to do, and (c¢) what.problems were to be solved with such a
system. She explainéd’that the.only existing bibliographic data base'
of arid lands.infbfmation.waS“compiled by her office under U.S. Axrmy
Natick Laboratories contract. DA49-092-aro~71l. The material contained in
thié data:base covers the fields of vegetation, fauna; geomorphology
and surface hydrology, surfaceAmateriéls, weather and éiimate, and
regional/cultural features.~AWhile‘many of the references within thisi
base- appear in. existing indexing and abstracting tools, equally as many
do not,( Furthermore, retrieval of thoée reférences that do appear in
the indexing and abstracting services in&olvés lengthy and often futile
searches. This is dUe pa;tly'to“the non-standard kéy word indexing and
subject terminology'applied'apd.Partly to the fact that. available
abstracts and/or:evaluationé'of,documents rarely fééus on applicatioﬁs
to or for aridity.. Thﬁs, the CANED system was needed to make av%ilable
a collection of bibliogréphic:information to scientists working in
the interdisciplinary field of arid lands stﬁdies, The'proposed system

would be expected to provide the translation of the bibliographic data
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base. compiled by the Office of Arid Lands Studies into a machine readable
form and to provide a method of retrieving citations from this data;
base-by subject matter. It would aid the research community in narrowing
the scientist's search for information by defining descriptive indexing -
terms more exactly and by broadening the range of citations available
by .the greater'scope of material being indexed.

The next step was to define the three basic design criteria:
effectiveneés, resource, and time. The effectivenéss'or benefit
criteria included establishing a data base of arid lands material:
which would be available to all interested parties and providing an
effective, low cost method of subject search on the data base té
retrieve documents relevant to a user's request. Evaluation of resource
criteria required that the available resources be taken into éonsidera—
tion; These initial resources consisted of (a) the bibliographic data
base compiled by the Office of Arid Lands Studies, (b) funds available
from a National Science Foundation grant (GN~735) to initially estaplish
the information system, and (¢ the University of Arizona's Control
Data 6400 computer. The schedule criteria required that a pilof
information retrieval program be operating within six months and that
the retrieval system be op;rating on a limited scale within twelve
months. Therefore, the initial project was to establish -a machine
stored data base with appropriate retrieval methods within a twelve
month period. The only environmentél constraint was that the resources
available during the design and implementaﬁion of this pilot system

would be from the Office of Arid Lands Studies of The University of

Arizona.
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Aftef the design criteria had been defined, the probable uéérs
of the system were consulted. The Office of Arid Lanas Studies
identified various user groups who would have needrof such a data base.
Due to the interdisciplinary type of materials involved, the users of
the system come. from many widespread fields: Vagroﬁdmists, anthropolo-
gists, architects, astronomers, atmospheric physicists, botanists,
climatologists, demographers, doctors, ecologists, economists, engineers,
entomologists,'ethnologists, geneticists, geographers, geologists,r-
horticulturists, hydrologists,'microbiologists,.nutritionists,
paleontologists, plant pathologists, radiatiqn biologists, socioclogists,
soil scientists, space scientists, zoologists, as well as travelers; |
students, teachers and government officials.  While all of %hese
people would have use for the data base, the primary user group would
consist of the Office of Arid Lands Studies at The University of
Arizona and the other five arid lands research centers in the western
United States: The Dry Lands Instituﬁe at The University of California
at Riverside, the Desgert Resourceg Institute at The University of
Nevada, The International Center for Arid and Semi Arid Lands Studies -
at Texas Technical Uni&ersity, New Mexico State College at Los Cruses,
and Utah State College at Logan. It would be impossible at the onset
of this project to discuss sys#em requirements‘with the bulk of this
usex population. Therefore, it was decided to initially rely on‘the‘
Office of Arid Lands Stﬁdies as the primary user group.‘

Material for‘the user study was drawn f;om the Arid Lands
Information Service of thé Office of AridALands Studies. This sérviée

is intimately familiar with the actual working language of the user
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population and has considerable experience with-requests for information
about: @rid. I'and. subjects: From discussions with this information service;
. fOur'important points: emerged about the user population:

1) The- bulk of  the information requests concern general tOplCS
rather than specific technical points.

2) Many users-of the service come from the less technically
déeveloped. areas such as Sudan, Pakistan, Chile, etc.

3) The: terminology of most requests are jumbled and often-
contradictory.

4). Requests for information come primarily from the research
community rather than from applied scientists.

After the:system criteria and constraints had been defined, and
the users' needs had been discussed, the components of the broposed
pilot system were- evaluated, organized, and set forth in the following
autiine;~

&) PURPOSE. COMPONENTS

1) Type of Users

a) The.initial user population consists of the Office of
Arid:Lands Studies .at The University of Arizona.

k) Members of the user population are primarily research
personnel involved in projects associated with arid
land. areas.

¢) The population is restricted to the 40 to 50 people
already acquainted with the information service of
the:0ffice of Arid Lands Studies.

d) User needs consist of literature.searches to provide
bibliographic information on material related to
particular subject areas.
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2) Subject Discipliné
Subjects covered within the data base will be those’
initially used by the Office of Axid Lands -Studies to
compile the bibliographic information for the U.S.
Army Natick Laboratories.

3) File Size

The initial file size will be.approximately 20,000
documents (those used for the Natick Laboratory study).

B) FUNCTION COMPONENTS
1) Acquisition

The acguisition of material for the data base will be
handled by the Office of Arid Lands Studies. (Acquisi-~
tion sources, policies, and procedures are extant, having
been established for the Natick Laboratories project.)
It should be noted that material in the data base need
not be the most recent and advanced material available.
" A large portion of the user population is comprised

of underdeveloped countries that are interested in the
more ‘classic' documents, those that pertain more to
the current 'state of the art' that exists within their
countries. Thus, older material will be considered

for the system as well as the most xecent publications..

2) Indexing Language

The source of the indexing language will be a Thesaurus
of Arid Lands Terminology. Vocabulary control will

be under the direction of Miss Paylore of the Office of
Arid Lands Studies who is extremely qualified as a
librarian and an authority on arid lands terminology-

The vocabulary size has been established at approximately
10,000 terms for the existing data base of 20,000
documents.

The sources of material for indexing consist of
approximately 65% full texts, 20% prepared abstracts,.
and 15% bibliographic information alone. Initially,
all indexing will be done by Miss Paylore. She will
be responsible for producing such information as -
indexing instructions, policies, and manuals. It is
extremely important that the person responsible for
indexing . is experienced both in arid lands terminology
and in the operations of automated retrieval systems.
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3) Coding

Coding instructions will be provided in the system
operating manuals. The primary consideration in the
development of coding policies. is to keep them as
simple and straightforward as possible. Coding.
personnel will not be reguired to have any special -
knowledge of library science beyond that expected -
of any secretary. -

4) File Oxganization

Organization of the files will be handled by the
computer programs. Retrieval will be accomplished
using uniterms organized in an inverted file structure.
Due to its initial size, no structuring of the data
base will be necessary.

The only handling of materials will involve the delivery
of input and retrieval of output from the Computer
Center.

5) Question Analysig

Users of the system will correspond with the Office of
Arid Lands Studies either by letter, wire, phone, ox in
person. The personnel at the office will translate
the user's request into machine compatable terminology
usirig the compiled thesaurus as a guide. When any
ambiguities arise in an information reguest, the office

will immediately discuss the
uger, either by telephone. oxr

Two types of queries will be
used for broad based subject
precise query for search on
a very narrow field.

6) Searching Procedures

Boolean logic (AND, OR, NOT)
mulation. Search parameters
Author, Publisher,

search scope may be adjusted’

specificity of terms used.

and Date of Publication.

problem directly with the
in person.

available: a general query
area searches and a very
gspecific material within

will be used in search for--
will consist of Subject,
The
via the generality or



44
7) Dissemination

Output from a search of the data base will consist of -
bibliographic information, abstract, and ‘key word
descriptors of all documents that satisfy the search
request. Output will be on standard 11" x 15" computer
paper as reproduction of the output should not be
needed. Dissemination will be handled by the most
convenient method available. Once a user's request for
information has been answered, the user will be asked to
return an evaluation of the system, in general, and of
the materials received.

IThitial Design

After-the components of the proposed system had been considered,
the;first.guess solution, or pilot system was constructed. By placing
the:emphasis.oﬁ the human element, it was felt that a simple, efficient,
andiinexpénsive automated information system, with performance egqual
to the:mére*sophisticated systems, could be implemented. This supposition
Iedito;qlbse;consideration of the trade-off of man versus machine functions
throughout the design stages.

The- Cranfield Reports (Cleverdon, et. al.; 17, 18; 19) tend to
illustrate that the effectiveness of an information retrieval system is
not due: to the method of retrieval employed by the system, but rather to
the;methqdfof'indexing and query formulation. Therefore, to prevent
many of the inconsistenciés encountered by other systems, the pefsonnel
of the Office of Arid Lands Studies are responsible for both the inéexing
of material and the formulation of user requests into system compatible
queries. To.faéiiitate uniformity in the indexing of documents, a
theéaurps is provided that lists all valid érid land texms. The

thesaurus is constructéd so that all the related, broader, and narrower
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terms are listed for each entry. If a user has only vagué conceptsuof g
what- information he wants from the systém, the thesaurus is also useful -
in providing a method of formulating a more exact query.

| As each new document is reviewed by an indexer, two levels of
keywordfdescriptors are_supélied. * The first level contains énly generai
kKeywords describing the general content‘of the articlé. The second
level contains a refinement of the initial selection of.descriptoré.
This-makes it possible to reﬁrieve the document when a gquery contains
either general or specific descriptors about particular subject matter
covered within that document.

A list is provided by the computer of all descriptors currently
in the .data base. At the time a query is formulated, but before it goes
to. the computer, it is éhecked against this list. This prevents machine
time. being wasted in detexrmining that a query contains a descriptor ini
any ‘way incompatible with the system.

The coding required to communicate with the system has been keptv
very simple. Once a duery has been forﬁulated, or a document marked forxr
addition to or deletion from the data base, any secretary within the
office can easily code and keypunch the iequired information and see
that. the proper computer programs are executed.

Saul Herner (48) has found that a user population consisting
" primarily of applied scientists is more interésted in automated infor-
mation retrieval éystems than a population of pure scientists. Pure
scientists prefer to browse through a libraryisectionvpertaining t6
their current interests rather than to pose direct questioné to.a com-

puter. Therefore, this system, oriented primarily to the pure scientist,
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iﬁ'designed to store citation entries (bibliographic information, ab-
: stract; and key woxrd desériptors). By producing machine searches»with
high tgcall; the requestér~méy "browse“ through ﬁhe retrieved ébstracts;
gleaning‘more information from them than from titles alone. |

- Th adapting the system for the use of any small libfary, changes
wouldinof be necessary in the compuﬁer programs. The primary obstacles
wouldfbe:encounteredrin achieving efficient retrieval. This objective
,wouldﬁbe:ﬁet by establishing an appropriate controlled vocabulary,vusing
: proper - indexing techniques, and gaining experience in query formulation.

The retrieval system is of the inverted file type used with ran-
dbm'acceSS'disk storage. The method of indexing is uniterm. Separate
magnetic: tapes store the large tables and khe data base. There is no
need{t01kee§ this‘informaﬁion on the disk (on-line) since users will not
haveidirect,accessAto the gomputer. Were a real-time computer system
available, however, the cosfs incurred would probably be préhibitive for
the amount of expected use of the system. Thus, queries are batch pro-
cessed. When the retrieval program is to be used, the large tablesg are
loadéd,onto,thé digk. Using the input gueries and the disk tables, the
programrcompiles a list of the reference numbers of documents satisfying
thefquéries. After all queries have been processed, thisg list of docu-
mént;numbers is ordered and one pass is made through the citation tape
retrieving the actual citation entries.

To provide .a useable system, four,progfams in addition to the
ﬁetrieval program were necessary. These programs provide the capability

to (a) add documents to the system, (b) drop documents from the system,
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(c) list. documents in the data. base that have been infrequently refrieved}_
and (d) print-out the tables aéd the data base in the event of a system
, malfun‘_ction° A freqﬁéncthable is kept by thé éystem coptaining the num-
ber of times each citation in the data base has been retrieved. This '
allows for,periodié iﬁspectibh‘of the infrequently retfieved documents
to:insﬁre-that they have been entered into the system correctly and/or
thatithey‘belong in the data base. When it ig desired to check the in—.-
frequently retrieved doCumentg,,the print program is executed.

Input to the program'consists of a number (the frequency number)
which calls for the program tovprint out all citations in the data base
that  have been retrieved that number of times or less. The print pro-
gram also provides the option of zeroing or.erasing the frequency table.

Procedures fér the opefatibn of the information retrieval,

document-addition, aﬁd—documént’delition programs have béen established -

and are given in figures 5, 6, and 7 below.



Receive Document

-V

*Determine if Document is Applicable

*Prepare Abstract i

f None is Provided

N

*Using Thesaurus, Apply Indexing Descriptors

Formulate Document

into Coding Format

Keypunch and List

Coded Information

Proof Keypunch Listing Against Original Coding

Input Addition

to Computer

Execution of Computer Program

J
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Retrieve Output Consisting of Listing of Descriptors Now in System

Figure 5: Procedure for Adding Documents to the System

*These operations are to be handled by Miss Paylore.

All others

may be handled by any employee of the Office of Arid Lands Studies.
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*Determine Frequency Number for Execution of Print Program

v

Code Frequency Number and Input to Computer

v

Execution of Computer Program

v

Retrieve Output From Computer

\2

*Review Output to Determine if any Documents Should be Dropped
(Do not Belong in the Data Base) or Dropped, Modified,
and Re-Added (Originally Added Incorrectly)

]

Formulate Drop List (If Any) in Coding Format

N

Formulate Re-Added Documents (If Any) in Coding Format

\A

Keypunch Drop Information and Input to Computer

\

N\

Execution of Drop Program

Keypunch and List Coded
Documents to be Re-Added
Vi
Proof Keypunch Listing Against

Original Coding

M

Input Additions to Computer

(If Any)

V.
lgiExecution of Addition Program i]

If no Addition Run, Retrieve Output From Drop Program
Consisting of List of Descriptors Now in System

\

Retrieve Output From Additions Program
Consisting of Descriptors Now in System

Figure 6: Procedure for Deleting Documents from the System

*These operations are to be handled by Miss Paylore. All others
may be handled by any employee of the Office of Arid Lands Studies.
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Receive Information Request From User

N2

*Interpret Request into Machine Query

\2

Formulate Query into Coded Format

N

Keypunch Query

!
Input Query to Computer

)\

Execution of Computer Program

R\

Retrieve Output from Computer

V]

*Review Output to Insure Applicability to User's Request
A\
Send Output to User Along with Evaluation Form

W

User Evaluates Svstem and the Received Output

N

User Returns Form to Office

V.

Analyze User's Evaluation

Figure 7: Procedure for the Retrieval of Information from the System

*These operations are to be handled by Miss Paylore. All others
may be handled by any employee of the Office of Arid Lands Studies.



51
The retrieval system programs, along with the thesaurus program,
have been written and are now in operation.  The flowcharts of the com-

puter programs are provided in figurés 8 and 9.



( start )

cad program segment
from source tape
to disk

7
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from disk disk
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Read frequency Load dlsk with ‘\\Read entrles /// Read
table from source main tables from to be dropped V\\»in addition
tape source tape
N\ \
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nd reset flag tape location restrictive lists
2 v N

Construct drop ‘iﬁead in request Construct new master Output addition to
list from.frequency ape deleting entries master tape
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level Construct éf)
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Figure 8: Flowchart of the Retrieval System Programs
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frequency of use
for each entry of
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locations via
master tables
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N
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frequency
table

Figure 8:

N
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and master list seg-~
ment lengths

S\

Add master tape
locations to out-
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key table and
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mox
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Y

Load entries from
master tape using
output list

6

Read in publisher
main table from

source tape; update Read in author
and output to new main table from
source tape source tape; update
7 and output to new
Read in date main source tape

table from source . R
tape; update and Read in publisher
output to new source main table from

tape source tape; update

Y >
W
Read in date main
table from source

and output to new

source tape

Read in key word
main table from
source tape; update
and output to new
source tape tape; update and

N output to new
Read in frequency
table from source
tape; update and
output to new
source tape

source tape

Read in key word
main table from
source tape; up-
date and output to
STOP new source tape

&

€S

Flowchart of the Retrieval System Programs (Continued)
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Print master tape Read in frequency
ntries from disk table from source
3~ tape; update and
Update frequency output to new source
table tape

Figure 8: Flowchart of the Retrieval System Programs (Continued)
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Load program segment from
0ld key tape to disk

\7

Read option
card
\

\\Read keyword program from disk/,
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Read card input and construct//
NEWD and NTRY arrays

a7

IF

EOF on old key tape

entry to be updated?

'-"'eﬁkgead entry from old key tave J/
7

Combine old key tape
with entry from NTRY
via NEWD array

entry
array

v,

”
b—————\Write entry to new key tape fZ=
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N 73—

\\@ead list program from‘disgfr
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e
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Figure 9:
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Currently, a data:base-of approximately 500 test dodumeﬁts and the
thesaurus: are: being:loaded into the machine. .The next step will be eval-~
ua:.ti'oni’ of’ the:operating: system: Such things as system pefformande,'
opexating procedures, and re‘trieval costs need.to be carefully evaluated.
. As: soon. as” the: system appears to be; operating satisfactorily, the re-
maEining documents: from the Arid Lands Office's biblibgraphic regource
will be: loaded’ into:the retrieval system, completing the‘ initial design

phase: of” the: information. system.



CHAPTER IV

THE. FUTURE OF THE CANED

INFORMATION RETRIEVAL SYSTEM

Phase 1 of’thevdevelopment:of;the C%NED éystem was described in
Chapter III. BAs this phase: approaches completion, the expansion of the
system into a cocperatiﬁe—enférprisetinclﬁding the other five arid lands
research centers seemsaemineﬁt;, Each . center, specialiiing in a different
facet of'arid lands studies, will be. responsible for.contributing indexed
articles cohcerned:with.ftngarticular specialized area. Accommodafion
of the. proposed increase in. contributors will require major revisions
and a complete ré-evaluation.af‘the system. This will ke designéted as
Phase 2 and will be approached by again using the design procedures as
set forth in Chapter I.

The increased scope: of the  proposed 'system will necessitate a
meeting of key peréannel from the: six.arid lands research.centers. The
objecfives of this meeting will be: twofold: (a) to establish cooperation
among the six centers and to set: up appropriate communication channels
and (b) to determine what Xind of an information system is desired by
the centers. Such questions. ass "What:do you expect the system to do?",
"What do you want from. the system?", and "What do you have to contributg
to the system?" will be considered..

Eacﬁ cooperating centexr Willlprovide a detailed.uSer study. The
combination of these six studies should provide a rathexr comprehensive

57
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picture of the information system's user,populatién. The designing
and assembling of the processes and procedures comprising the system
wiil involve the assignment of.system responsibilities and duties. to
the different offices. It is critical during this time ﬁhat communi -
catioh channels be effectively used to insure compléte cooperation among
the centers. | |

Once the initial design is established and approved, a pilot
system will be constructed. Before the system is considered operational,
completing Phase 2, it will undergo éxtensive testing and evaluation.

Although the immédiate future of the CANED system consists of
the Phase 2bdesign described above, there will continue to be modifi~-
cations after the system becomes operaticnal. The type and extent of :
the changes that will take place depend on three basic factors: . (a) the
systeﬁ‘é operational expenses, (b) the users'-needs, and (¢) the growth
of thé data base.

The National Science Foundation is funding the prdject through
the initial design phases.- However, the operational system is»expected
to be self—suppo?ting and any changes will have to be made within the
ébnstraint that operational costs be met.

_As the system becomes more widely recognized by the user public,
their demands on it will change. As the users become-more sophisticated
in their use of the system, the system will have to beéome correspond-
ingly more sophisticated. Althéugh thg system will remain as it has
beenbinitially designed, a research service that performs literature

‘searches upon request, the system may be .asked in the future to supply
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.other services. Magnhetic tapes of the data base ﬁay be requested by
users desiring to incorporate arid lands materials into their own infor-
_mation-systemsm There may be é need for publishea materials such as a
KWIC index or a manual of-thé ébstracts in the data base along with sub-
ject and author'indéxes. A selective dissemination of information
" service may be Incorporated as part of the system. The fact that the
CANED sfstem will be the only comprehensive data base of arid lands
materials availéble,insures that there will be é'wide variety of uses-
for it in the Ffuture..

The retrieval programs in the system will have to be continually
’ re-evaluated and modified. As the data base grows, more sophisticated
fetrieval devices will become effective. Two such devices, the structur-
ing of the fileg within the data base and the addition of links'and roles
to the retrieval programs, may becoﬁe useful when the base reaches‘
sufficient size.

Thus, to insure that the system remains an effective and useable
. tool, the managers of the gsystem will be expected to (a) continuously
evaluate and modify the operating system, (b) reméin sensitive to changes
in user needs, (c¢) Keep abréast of the 'state of the art' in information
science, and (d) continually explore the marketing potentials and possi-
bilities of the system.

In conclusion, then, a basic principle of the continued effective
Qperation of an inform%tion system is the "evaluation andvmodification
cycle." As mentioned before, the most important consideration in the
effective degign, evaluation, or modification of a system is that the

system be considered as a whole. Each element of a system must be
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planned, designed, and.evaluatedfby'explicitly considering its inter-—
relationships with the ather elements of the system and by optimizing its
cost and benefit as parf of -the total system's coét and benefit.

The applications oﬁ’éystems-engineeriné presented in thisrpaper
are by no means complete. Saﬁefbasic.systems»engineering procedures
~have been discussed and a preliminary model has been established. There
are immediate opportunities to apply systems engineering methods in
.several areas of the developmeht:offthe CANED system. For instance,
systems engineering should. be. applied to: (ag) the evaluation of the
performaﬁée of the-system,‘(b) the;dévelopment of the expanded systen,
incérporating the six arid. Iands research centers; {c) the estaglishment
of cost and benefit.criteria:aﬂdithe:optimization éf the system ﬁith»re;
spect to these criteria, and (d) the establishment of a method for
determining the costs of the system and incorporating effective user

billing procedures.
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